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ABSTRACT 
Demonstrations abound about the links between urban sprawl (US) and climate change (CC). 
Though US in itself has been extensively researched, there subsist ample ambiguities, 
controversies, and debates around its definitions, characterizations, measurements, causes, and 
consequences. This paper posits that such lack of clarity is impeding our ability to understand 
more fully the articulations between US and CC, and to address the associated perils more 
effectively. It contends that an approach anchored in urban morphology is helpful: 1. to 
reconceptualize US, and; 2. to bring conceptual clarity on the articulations between the urban 
physical and spatial system and CC. As part of a broader review of the research on US and CC, a 
two-pronged literature review has been conducted: dedicated first, to surveying definitions and 
characterizations of US, and then, to surveying research probing the links between different facets 
of US and CC. The analysis of this material triggered a reconceptualization of US. A new definition 
synthesizes previous definitions while addressing some of their shortcomings. A conceptual diagram 
informed by key tenets of urban morphology is also proposed to bring conceptual clarity for the 
interpretation of the multifaceted research effort investigating direct and indirect links between 
urban form and CC.  
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INTRODUCTION  
The material and spatial configuration of cities has tremendous impacts on global energy 
consumption and, by extension, on the GHG emissions (Anderson et al., 2015; EPA, 2011). The 
latter are imputable in particular to the resources and energy needed for the production, operation 
and use of the built environment, including for the movements of people and goods. Understanding 
the linkages between urban form, energy consumption, and emissions is thus vital for planners and 
policymakers to fight against climate change (CC) and other environmental crises while developing 
effective urbanization strategies to achieve global sustainability. This research focuses on urban 
sprawl (US), which is considered as one of the main drivers of GHG emissions in urban contexts. 
“Sprawl,” and its polar opposite, deemed the “compact city,” have been extensively researched in 
relation to climate change. However, we contend that current conceptualizations of these notions 
are problematic and pose important operationalization challenges in relation to CC, in both 
analytical and applied contexts. Some conceptual shortcomings can be attributable to a lack of 
familiarity with the system of the built environment within its broader geographical context. Further, 
the same limitations impact our ability to understand more fully the nature and extend of the links 
between the anthropized landscapes and the current environmental crises. This study relies on an 
extensive literature review on the links between US and CC that has highlighted the utility of 
reconceptualizing US based on a morphological perspective and of mobilizing a morphological 
framework to help bringing conceptual clarity in mapping the articulations between urban form and 
CC, in the face of seemingly dispersed and eclectic research on the matter.    
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BACKGROUND  
This work stems from a research conducted on the links between US and CC to the benefit of the 
two largest regional planning bodies in the Province of Québec, who wished to be informed about 
recent research in the context of the preparation of a new iteration of their respective regional 
plans (Feng and Gauthier, 2018). 
Urban form, in particular in its sprawled manifestations, is often considered as one of the main 
drivers of CC in urban contexts (IPCC, 2014; Seto et al., 2014; Bart, 2010). Such a contention is 
strongly supported by empirical research. Yet, sprawl is an elusive concept that defies a unitary 
definition (Hamidi and Ewing, 2014; Johnson, 2001). US is perhaps better understood when 
contrasted with its polar opposite, deemed the compact city. The most authoritative definitions of 
US generally propound iterations revolving around three sets of intertwined characteristics: low 
residential density, low intensity and segregated land-uses, and generalized automobility (Feng 
and Gauthier, 2018). In contrast, the compact city is presenting high density, intensity and diversity 
of land-use; all conditions more amenable to active and collective modes of locomotion. Difficulties 
arise when trying to characterize and measure density or intensity. As morphologists would know, 
such manifestations are heavily context dependent, which hinders our ability to develop robust 
measurement methods, let alone establishing universal thresholds and scales. Sprawl and 
compactness remain useful categories still, if keeping in mind that they refer to sets of conditions at 
opposite ends of a spectrum.   
When trying to synthesize the pertinent research on the links between US and CC another 
challenge stems from the fact that the spatial and material forms of sprawl (and their associated 
transportation patterns) are articulated in a wide variety of ways to CC, as well as to other related 
environmental crises. Such intricacy can hamper one’s ability to take the full measure of the 
environmental costs associated with this form of development, leaving aside translating such an 
understanding in planning terms for remediation purposes. A morphological perspective, which 
conceives the built environment as a dynamic system, and which is concerned with the artefacts and 
spatial forms within their broader geographical contexts (Conzen, 2004; Caniggia and Maffei, 
2017; Kropf, 2017), proved useful to chart the articulations between the built environment and the 
natural systems in crisis and map the research centered on such articulations. 
METHODOLOGY  
The research is based on a critical review (Grant and Booth, 2009) of the literature on US and its 
links to CC. The first step consisted in identifying and analyzing seven literature reviews on similar 
topics. Based on this preliminary exercise, key themes and key words have been identified. Relying 
primarily on ISI’s Web of Science® database and based on various iterations of the string of 
keywords, articles published in English journals from 1978 until 2018 were searched. In parallel a 
search centered on material produced by international governmental and para-governmental 
organizations. The final bibliography was composed of 212 references. The material was reviewed 
to identify the main research programs, themes and findings. The exercise allowed in particular to 
conceptualize of the notion of sprawl and to “map” and “chart” the articulations between US and 
CC; aspects that are the main focus of this paper. 
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KEY RESULTS AND CONTRIBUTIONS 
Revisiting the notion of urban sprawl from a morphologist’s perspective  
A pervasive contemporary urban form, urban sprawl, once considered an “American zeitgeist” 
(Burchell et al., 1998), has now become an international if not global phenomenon. As noted, the 
notion usually refers to a form of development at the periphery of cities that is characterized by 
low intensity and segregated land use accompanied by high levels of automobility. Though 
extensively researched, it is frequently acknowleged that there exists no unified definition for US 
(Hamidi and Ewing, 2014; Hamidi et al., 2015; Johnson, 2001). Definitions vary based on the 
perspective of the definers (Barnes et al., 2001), undertood in disciplinary, theoretical, of 
methodological terms, or based on their heuristic objectives. Sprawl has been alternatively 
described as a phenomenon, a process, an outcome, a spatial trend, etc. (Galster et al., 2001). In 
spite of said ambiguities, studies abound on the economic, social, and cultural causes and 
consequences of sprawl, and particularly, on its environmental costs and consequences.  
We argue that sprawl can only be understood in relative terms, both spatially and temporarily. As 
mentioned, in both fundamental and applied research, sprawl is often compared to and contrasted 
with its polar opposite, the compact city. Though convenient in some contexts, morphologically 
speaking, such a dichotomic representation can be fallacious. For, a city’s spatial expansion 
produces a variety of urban configurations on a spectrum. Further, a city constitutes a whole that is 
altered as new parts are produced and following a retrofitting of older parts. Finally, each city is 
geographically, culturally and temporally situated, so that the terms compact or dispersed can 
assume very different meanings in different places or times. In the absence of normative or 
operational definitions that specify for instance thresholds for low intensity, sprawl can only be 
understood in relative terms. More specifically, sprawl manifests a lower intensity of occupation of 
the land than other parts of the same urbanized region that present similar geographical and 
spatial opportunities and constraints. More synthetically stated, we posit that the term sprawl: 
“denotes an urbanization process that produces low-intensity modes of an occupation of the land, 
characterized by built and spatial forms that are suboptimal in serving their purposes when taking 
into consideration their geographical, cultural, and technological contexts, and local historical 
precedents” (Feng and Gauthier, 2018). In planning terms, sprawl is a form of urban development 
that produces a suboptimal return on investment, environmentally, socially, and economically 
speaking, for the community.     
Mapping the articulations between environmental crises and human habitats 
The way we built and practiced our cities has changed dramatically over the past decades. Sprawl 
has been a central feature of said development. The literature points to the significant 
environmental costs that can be imparted to US, including on CC. A rich body of work links sprawl 
with environmental degradations due to GHG emissions (associated mainly with greater vehicle 
travelling); energy inefficiency; air pollution (due to traffic volume and traffic congestion); the 
overabundance of infrastructure; the loss of farmland, forests, grasslands, and wetlands; resource 
depletion, etc. (Ewing and Hamidi, 2015; Bereitschaft and Debbage, 2013; Song, Popkin, and 
Gordon-Larsen, 2013; Stone, Hess, and Frumkin, 2010; Stone, 2008; Burchfiel et al., 2006; 
Burchell and Mukherji, 2003; Johnson, 2001; Sierra Club, 1998; Ewing, 1997; Landis, 1995). 
Yet, drawing a general portrait of the environmental impacts of urbanization is challenging due to 
the complexity of the interactions between anthropic and environmental transformations. Direct and 
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indirect relationships between urbanization and the environment, and their causes and 
consequences, are often difficult to untangle. Greenhouse gas (GHG) and CO2  emissions represent 
the main anthropic drivers of CC. Other environmental costs associated with human habitats are 
rather incurred in the form of increased vulnerabilities, including towards the effects of CC itself. 
Furthermore, the interactions between natural systems the anthropic space unfold at multiple spatial 
resolutions, spanning from the local to the global scale, with differing impacts (Barnes et al., 2001). 
A compact and densely populated urban organism for instance, entails a drastic transformation of 
the natural landscape. However, those alterations are highly concentrated in space, which might 
lessen their impacts at another spatial resolution. Some environmental impacts stem directly from 
urban configurations, while others are produced indirectly. Compact inner-city residential forms are 
more energy efficient than spatially dispersed suburban ones, which lessens their environmental 
footprint. Low-density residential environments generate more numerous and longer trips, generally 
in vehicles propelled by the combustion of fossil energy. Such by-product of the urban form 
contributes significantly to the urban emission levels. Additionally, in sprawled environments, the 
land-cover change entails a reduction of the biomass which translates in a reduced capacity to 
capture carbon, while affecting the biodiversity negatively. This research approached such 
conundrums in a pragmatic way. In each of the described relationships, forms matter. We deemed 
useful as a consequence to map of environmental impacts of urbanized environments against a 
morphological framework. Figure 1 offers a diagrammatic representation of the articulations 
between climate change (and other environmental crises) and human habitats. Informed urban 
morphology tenets, the chart helps untangling key relationships between environmental and urban 
settlements dynamics (cf. the greyed boxes), while pointing in particular to physical planning 
drivers of environmental change.  
The left-hand side of the diagram details how the anthroposphere, or the humanized habitats 
including human settlements, is part of the broader geosphere. The geosphere is a composite of 
five spheres: the lithosphere, the hydrosphere, the atmosphere, the biosphere (the physiosphere of 
nature), as well as the noösphere (Conzen, 2004), or anthroposphere. The noösphere is the 
environment produced “through the reflective, reasoning, and purposive activity of the human 
mind.” (Conzen, 2004: 36). “These spheres integrate dynamically and interpenetrate each other 
through mutual process relations of continuous energy transfers and creation of material and 
spiritual forms in an astonishingly diversified and complex web of processes. Thus, in the time 
dimension they work as ‘geofactors’, and the whole geosphere emerges as a very remarkable four-
dimensional space-time system in functional terms.” (M.R.G. Conzen, 2004: 25). Caniggia and 
Maffei (2017) in turn point to two main components of the humanized habitats: the productive 
areas and the human settlements, which constitute the bulk of the built environment, defined the 
built environment as part of the material culture, as “the transformation of natural features by Kropf 
(2017: 20) as “the deliberate application of human energy to suit human need and purposes”.  
The right-hand side of the diagram lists the physiosphere systems, including climate, and their 
associated earth-system processes that are in crisis, before highlighting some anthropic causes. The 
latter are translated in “physical planning drivers.”  
The central part of the diagram illustrates how anthropogenic and natural environments dynamics 
are intertwined, and lists the main research themes addressing some of those links, as revealed by 
our review of the literature.  
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CONCLUSIONS 
At its core, the urban morphology research program is concerned with the long-term engagement 
of populations with their local geographical and environmental contexts. We contend that an 
urban morphology framework is highly relevant to address the complexities of the interactions 
between human habitats and natural systems in crises, including climate change, and to clarify their 
various articulations, in both fundamental research and applied contexts (i.e. in physical planning).   





Figure 1 Diagram of the urbanization anthropogenic and natural environments dynamics drivers (Feng and Gauthier, 2018, 
p.10) 
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